3. Evaluation of the geological history of these rocks in terms of^current interpretations and subsequent field and laboratory observations and determinations in the context of the economic petroleum and mineral resources potential.
Previous work
This stratigraphic problem is related to the sedimentational-structural framework and crustal shortening between the Middle Rocky Mountains and Basin and Range Provinces. Geologists have noted some disparity between Mississippian sections east of the Bear River and Wasatch Ranges and those within and west of these ranges (Crittenden, 1959) . This disparity is reflected by facies gradations and thickness changes, with thicker sequences to the west and thinner sequences to the east ( fig. 1A ). Consequently, there are numerous changes in stratigraphic nomenclature across northern Utah (fig. IB).
A major stratigraphic break represented by an extensive unconformity between Osagean and Meramecian rocks was recognized and proposed by Laudon (1948) for interior cratonic and Cordilleran sections. More recent studies that give additional evidence for this conclusion include those of Sando, Dutro, and Gere (1959) , Sando (1963} Sando and Mamet (1974) , Sando and Dutro (1974) , and Sando (1975) . The Mississippian history of the northern Cordilleran region of the United States, outlined by Sando (1974) , is shown diagrammatically by figure 2. It should be noted that Sando established the unconformity within the Meramecian but before middle Meramecian time. Based on fossils obtained from rocks deposited on the cratonic platform, a megafaunal and microfaunal zonation for the Mississippian was established by Sando, Mamet, and Dutro (1969) . The zonation was based primarily on three fossil groups corals, brachiopods, and Foraminifera with emphasis on the calcareous Foraminifera because of their phylogenetic diversity and cosmopolitan distribution (Mamet and Skipp, 1970) .
Surprisingly, conodonts which are so useful for worldwide zonal correlations,
were not utilized in the zonation of Sando, Mamet, and Dutro (1969) . There have been serious problems with critically reconciling the foraminiferal and conodont zonations for late Osagean rocks (Brenckle and others, 1974) . At the crux of the problem in the western United States is the time-rock correlation of Osagean strata from the cratonic platform in the Middle Rocky Mountains across the Basin and Range Province of northern Utah.
The sedimentary framework for Mississippian deposition across northern
Utah in the context of a plate tectonics model was graphically outlined and documented in detail by Poole (1974) . The relationship between the cratonic platform and continental shelf east of the axis of the Antler exogeosyncline is clearly delineated (Poole, 1974, fig. 1 ). During the Early Mississippian, northern Utah was an extensive carbonate shelf between the subsiding foreland trough on the west and the stable cratonic platform on the east. During the Late Mississippian, sedimentation was influenced by eastward transport of elastics, which were beginning to fill the western flysch basin and spill eastward onto the eraton.
It would be logical to anchor this present stratigraphic study on the model established by Sando and his co-workers for the cratonic platform and to proceed from east to west. To overcome a possible bias, however,, sections were studied in order from southwest to northeast. Distribution of the sections examined is shown on the map ( fig. 3 ). The line of stratigraphic sections is shown graphically in figure 4B . In the view of Sando's (1974) model, a significant thickness of Osagean rocks may have been removed during early Meramecian erosion. The westward change in thickness and facies requires testing of this model through more detailed chronostratigraphy than is now available in the published literature.
A detailed zonation based on conodonts is desirable for the Mississippian biostratigraphy across northern Utah. This would serve at least three purposes.
It would supplement the zonation scheme of Sando, Mamet, Dutro (1969) to check and strengthen their model. It would provide a comparison of conodont faunas with lithologies within zones whereby to interpret the paleoenvironmental framework (Sandberg, 1975; Heckel and Baesemann, 1975) . The conodont zonation would also give more precise timing for rates of sedimentation, transgression, and regression. Consequently, this preliminary study is an important integral part of the detailed conodont studies and regional stratigraphic studies now being conducted by C. A. Sandberg, F. G. Poole, P. R. Rose, and the writer.
LOCALITY REGISTER
The following examined stratigraphic sections are located in figure 3 and shown by graphic cross-section in figure 4B . Gold Hill 1:62,500 quadrangle. , Section located from geologic map by Nolan (1935, pi. 1) . Highest collection from Madison Limestone is apparently at same location as Girty's collection no. 99 (Nolan, 1935, p. 27 Morris (1964, pi. 1) , was mentioned by Morris and Lovering (1961, p. 89) .
9. Rattlesnake Spur of Gardison Ridge, East Tintic Mountains. Southwest-trending ridge in NE^ sec. 1, T. 9 S., R. 3 W. , Utah County, in the Aliens Ranch 1:24,000 quadrangle. Section, located from geologic maps by Proctor and others (1956) and Disbrow (1961) , was described by Morris and Lovering (1961, p. 90 Gilluly (1932, pi. 12) , was described by Gilluly (1932, p. 25 (1969) . Also see Schell and Moore (1970, p. 11 fig. 2 ).
20.
Warner Hollow, Crawford Mountains. Phosphatic zone in basal part of Brazer Dolomite near C S% sec. 31, T. 11 N., R. 8 E., Rich County. Section located from geologic map by Sando, Dutro, and Gere (1959, fig. 2 ). Limestone given by Proctor and Clark (1956, fig. 1 ) may well outline the lateral extent of the Fitchville-Gardison sequence.
Dog Valley
The Joana Limestone (Chilingar and Blssell, 1957; Langcnhelm, 1960; Stensaas and Langcnhelm, 1960) and Redwall Limestone (McKee, Gutschlck, and others, 1969) , on opposite sides of an area that contains no late Paleozoic rocks ( fig. 3) , are both related to the Monte Cristo Group to the south. The Redwall Limestone is the equivalent of the Leadvllle Limestone to the east and southeast in Colorado (Parker and Roberts, 1966) . The widespread nodular, fossiliferous, thin-bedded lower unit of the Lodgepole Limestone (late Kinderhookian zone A of Sando, Mamet, and Dutro, 1969) seems to be present also in the lower part of the Joana Limestone in the Dugway Range and elsewhere in Utah and probably extends into southeastern Lithologies found in association within the phosphatic zone are: glauconitic, 1. Phosphate rock or phosphorite,/dark-brownish-gray, oolitic, peloidal, pisolitic, pebbly; with traces of vanadium, zinc, nickel, lanthanum, yttrium, chromium, and possibly other metals (Morris and Levering, 1961} Schell and . Whether this phosphatic facies, which is generally sandwiched between thick carbonate successions, represents a shallow or deep-water environment is problematic
The abrupt sharp change from carbonate to the phosphatic facies implies a rapid, radical change in environments, but the conodont evidence suggests that the basal contact is conformable. The environment may be similar, if not identical, to that of the Permian Phosphoria Formation. Upwelling of colder, deeper water along a marine shelf slope has been advocated for the latter (McKelvey and others, 1959; . A basin-shelf model has been postulated for Upper Devonian black shales across New York State. There nonbioturbated dark shales were formed under anoxic basin conditions with pelagic sedimentation (Byers, 1973) . Black shales of Upper Pennsylvanian megacyclothems in eastern Kansas, containing phosphorite laminae and nodules in the absence of benthonic fossils, represent the deepest water and most anoxic conditions during the height of marine transgression (Heckel and Baesemann, 1975, fig. 6 ). Inarticulate lingulid and orbiculoid brachiopods, Leiorhynchus carboniferum, and goniatite cephalopods have been reported and observed in dark shales in the phosphatic zone in Utah, but the physicochemical and biologic evidence for the origin and precise age of the containing rocks has been equivocal.
Woodman, Deseret-Humbug, and Brazer sequence The Woodman Formation (Nolan, 1935, p. 27) , Deseret Limestone (Gilluly, 1932, p. 25) , Humbug Formation (Tower and Smith, 1899, p. 625) , and Brazer Dolomite (Richardson, 1941, p. 22) represent a series of carbonate and clastic sediments that exhibit much lateral gradation. The detailed biostratigraphy of these rocks has not been established, so that more precise dating and resolution of their lateral time-rock relations is needed. The basal phosphatic zone is common to all except the Humbug Formation, which overlies the Deseret Limestone in its type area.
The source and distribution of substantial quantities of quartz elastics above this phosphatic zone have not been firmly determined. The Ochre Mountain Limestone (Nolan, 1935, p. 29) 
in the Deep Creek and Dugway
Ranges and the Great Blue Limestone (Spurr, 1895, p. 374) In the East Tintic Mountains, the Great Blue Limestone has been divided into .
four mappable members (Morris and Lovering, 1961; Morris, 1964) . The lowest Xopliff Limestone Member and overlying Paymaster Member are dark-gray, fine-to medium-grained, partly cherty limestones, which weather light bluish gray. The next higher member is the Chiulos, which consists of olive and black shale with minor interbedded quartzite. The Poker Knoll Limestone Member at the top is lightgray, fine-grained, cherty limestone. In the Ophir district, bedded replacement-type ore bodies occur in the fossiliferous uppermost part of the lower Great Blue Limestone.
In the Confusion Range, rocks equivalent to the Ochre Mountain and Great Blue Limestones are represented by the Chainman Shale ( fig. 4B ), which has been subdivided into five members by Sadlick (1965) . The lowest member is the Needle Siltstone, which is overlain by the dark-gray, fine-grained Skunk Spring Limestone. Next in ascending order is the Camp Canyon Member.
(The Willow Gap Limestone and Jensen
Members at the top were not studied in detail.) The Chainman Shale is overlain by the Pennsylvanian Ely Limestone. The lower part of the Camp Canyon Member has darkgray organic shale, large dark-gray, fine-grained phosphatic(?) limestone concretions and concretionary limestone layers with goniatite cephalopods (lower Goniatites zone of Gordon and others, 1957 ; lower two goniatite zones of Gordon, 1970) , and thin calcareous siltstone layers with Leiorhynchus carboniferum and lingulid and orbiculoid brachiopods ( fig. 14) . Peloidal phosphate rock occurs in this zone in a bed enveloping one of the large concretions with goniatites ( fig. 14, upper part) .
Thus, this culm-type facies association consists of: dark organic, possibly phosphatic, shale with palynomorph-rich layers that are probable source beds (Poole and others, 1975) ; large and small phosphatic concretions commonly containing goniatites and liquid oil; brownish-gray peloidal phosphorite, which may also have organic carbon in close association with the concretions surrounding them; isolated goniatites in the dark shales; and dark-brownish-gray calcareous siltstone containing brachiopods. Layered and nodular dark cherts, common in the phosphatic facies of the basal Deseret Limestone and Phosphdria Formations, were not observed in the Confusion Range.
Distribution of the Ochre Mountain and Great Blue Limestones approximates the area within the 5,000-foot isopach circumscribing the Oquirrh Basin ( fig. 1A ).
Carbonate deposition took place within this deepening basin,which apparently was little affected at that time by Antler orogenic flysch sediments from the west. Bissell and Klopp (1975) indicated that the carbonate is a deep-water accumulation supposed in a depocenter within the Cordilleran miogeosyncline. This/intrabasinal carbonate sedimentation was succeeded by extrabasinal flysch derived from Antler Highlands which filled the foreland basin and spilled eastward into the Oquirrh Basin (Poole, 1974) . On the other hand, the Chainman Shale is mostly Antler orogenic flysch, which was succeeded by carbonate deposition of the Ely Limestone during the Pennsylvanian. Limestone directly below the shale resulted in bedded ore bodies. Aureoles of jasperoid or silicified limestone with minor amounts of iron formed around the ore bodies and serve as exploration ore guides (Morris and Levering, 1961, p. 24) .
ECONOMIC POTENTIAL OF GREAT BLUE LIMESTONE
The principle of mineralizing solutions can be applied to assess the potential of the phosphorites and organic carbonaceous dark shales of the lower part of the Deseret Limestone as source beds for hydrocarbons. Numerous porous reservoir rocks into which the hydrocarbons could have migrated are present in the carbonate rocks that overlie the phosphatic shale member of the Deseret.
Favorable structural and(or) stratigraphic traps with adequate seals are required for oil and gas accumulations. However, the Long Trail Shale Member might have provided an effective seal for petroleum as well as for mineralizing solutions.
The above analogy and brief summary may be oversimplified, but its economic potential should not be overlooked. Careful stratigraphic and detailed paleontological and geochemical analyses of Mississippian strata across northern Utah can assist greatly in exploration for mineral deposits as well as for oil and gas reservoirs.
SUMMARY
The critical problem is to identify Osagean rocks in northern Utah and determine their thickness. From these data, assessment of their economic potential in terms of petroleum and mineral resources can be made with greater assurance. This report reviews the literature, but it is primarily based on field observations and study. The conclusions are preliminary, because the laboratory paleontological and petrographic studies have not been completed yet.
The field reconnaissance provided an opportunity to observe the stratigraphic relations of important Mississippian sections in northern Utah. The broad regional perspective was preferred over a detailed study of a few sections because The Mississippian .sequence is thick ( fig. 1A) , the lithologies are diverse, and megafossil faunas are relatively numerous. However, the probability of finding many more microfaunas is high, and more diligent search and collecting will be needed to fill the gaps in biostratigraphic knowledge.
RECOMMENDATIONS FOR FURTHER STUDY
It is recommended that four or five of the best exposed, most complete key
Mississippian sections across the State of Utah be examined and studied in more detail. The sections already reconnoitered for this report ( fig. 4B ) that might prove most useful for a detailed biostratigraphic study are: (1) a section in the Bear River Range ? either in the East Canyon area or Blacksmith Fork area ; (2) a section in the Ophir Canyon and Dry Canyon-Sharp
Mountain areas in the Oquirrh Mountains (Gilluly, 1932) ; (3) a section in the Eureka or Aliens Ranch quadrangle in the East Tintic Mountains (Morris and Levering, 1961; Morris, 1964; Proctor and others, 1956 )j (4) a section in Buckhorn and Bullion Canyons in the Dugway Range (Staatz and Carr, 1964; Staatz, 1972) ;
and (5) Phosphatic Zone ^i??4U -. r r--.--i S Lower Deseret Ls. r /I T f I 1 Lŝ Ophir Canyon Section "^" ! j ^.
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